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1 Introduction 



Rare radiative leptonic Bs(d) decays are induced by the flavor-changing neutral 

current transitions b — > s{d). In the standard model (SM) such processes are described by 
the penguin and box diagrams and have branching ratios 10~^ — 10~^^ (see for example 
[1]). These rare decays can not be observed at the running machines such as Tevatron, 
BaBar and Belle, but the -Bs(d) l^'^ and -Bs(d) — ^ f^^f^ l decays can be detected at 
LHC with ATLAS, CMS and LHCb detectors [2]. Many experimental observables such as, 
the branching ratio, photon energy, dilepton mass spectra and charge asymmetries, as well 
as the transition form factors, are investigated for the Bs(d) i~^i~'~f decays in [3-9]. At 
the same time -Bs(d) i~^£~'-f decays might be sensitive to the new physics beyond the SM. 
New physics effects in these decays can appear in two different ways: either through the 
new operators in the effective Hamiltonian which are absent in the SM, or through new 
contributions to the Wilson coefficients existing in the SM. One efficient way for precise 
determination of the SM parameters and looking for new physics beyond the SM is studying 
the lepton polarization effects. It has been pointed out in [10] that some of the single lepton 
polarization asymmetries might be too small to be observed and might not provide sufficient 
number of observables in checking the structure of the effective Hamiltonian. In need of 
more observables, in [10], the maximum number of independent observables have been 
constructed by considering the situation where both lepton polarizations are simultaneously 
measured. 

In the present work, we analyze the possibility of searching for new physics in the 
Bg i~^i~'y decay by studying the forward-backward asymmetries when both leptons are 
polarized, using the most general, model independent form of the effective Hamiltonian 
including all possible interactions. Note that the sensitivity of double-lepton polarization 
asymmetries on new Wilson coefficients for the Bs £'^£~j decay has been investigated 
recently in [11]. 

The work is organized as follows. In section 2, the matrix element for the Bg — > i~^£~'y is 
obtained, using the general, model independent form of the effective Hamiltonian. In section 
3, we calculate the polarized forward-backward asymmetries of the leptons in Bg — > £'^£~j 
decay. Section for is devoted to the numerical analysis, discussions and conclusions. 



2 Theoretical framework 

In the present section we derive the matrix element for the Bg — > £^£~'y using the general, 
model independent form of the effective Hamiltonian. The matrix element for the process 
Bg — > £'^£~^ can be obtained from that of the purely leptonic Bg — > £^£~ decay. At inclusive 
level the process Bg — > £'^£~ is described by 6 — > q£~^£~ transition. The effective b — > q£'^£~ 
transition can be written in terms of twelve model independent four-Fermi interactions in 
the following form [12]: 

Heff = -^Vt,V;JCsLqt^,u^ Lb£r£ + CBRqtcT^,^ Rb£Y£ 
+ C'li qit^Lb + Ct'n qi^^Lb l^M + Crl Ql^^Rb h^L£ 
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+ Crr qj^Rb i^m + Clrlr qRh IM + Crllr qLb Em + Clrrl qRb iM 

+ Crlrl qLb m + Ct qa^ub la^^l + iCte e^'^'^^qo^.h laapij , ( 1) 

where Cx are the coefficients of the four-Fermi interactions and 

2 ' 2 

The terms with coefficients Csl and Cbr which describe penguin contributions correspond 
to —2msC^^^ and —2mbC^^^ in the SM, respectively. The next four terms in this expression 
are the vector interactions. The interaction terms containing C*£l and C*£^ in the SM have 
the form C^^^ — Cio and Cl^^ + Cio, respectively. Inspired by this C*£l and C£°^ will be 
written as 

r<tot i^eff \ n 



LL — ^9 ~ ^10 -r ^LL 

'tot /-ie// : j_ n 

LR — + '^lO + ^LR 



where C^l and Cl_r describe contributions from new physics. The terms with coefficients 
ClrlR) Crllr, Clrrl and Crlrl describe the scalar type interactions. The last two terms 
in Eq. (1) with the coefficients Ct and Cte describe the tensor type interactions. 

Having presented the general form of the effective Hamiltonian the next problem is the 
calculation of the matrix element of the Bq £+£^7 decay. This matrix element can be 
written as the sum of the two parts, structure-dependent and inner-Bremsstrahlung parts 

M = MsD + MiB . (2) 

The matrix element for the structure-dependent part M.sd, which corresponds to the 
radiation of photon from initial quarks, can be obtained by calculating the matrix element 
{'y\Heff\B). Using Eq. (1) we see that, for calculation of Msd, we need to know the 
following matrix elements 

(7 1^7^(1 T75)&|i?) , 
{^IscTi^uq^blB) , 
{-f\sa^^b\B) , 

{j\s{lTl,)b\B) . (3) 
The first two of the matrix elements in Eq. (3) are defined in the following way [3, 7, 13, 14] 

im 1^7^(1 T 75)&| B{pb)) = -^{e,.x.e*'q'k'^9{q') ± i \e*''{kq) - {e*q)k>^]f{q')] , (4) 
{l{k) \qa^,b\ B{pb)) = A^t^uXa [^6*^^ + He*^'' + N{e*q)q^k''] . (5) 

Here, e* and k are the four vector polarization and momentum of the photon, respectively, 
q — Pb — k is the momentum transfer, pb is the momentum of the B meson and g{q^), 
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f{(f), G{q^), H{q^) and N{q^) arc the Bg 'y transition form factors. The matrix element 
(7(/c) |s(7^,^756| B{pb)) can be obtained from Eq. (5) using the identity 



^ a3 



The matrix elements (7(A;) |s(l =1= 75)6! and (7 Isza^^g'^fol i?) can be obtained from 

Eqs. (4) and (5) by multiplying them g'' and q^ , respectively, as a result of which we get 



(7(A;) 75)^1 = 0, 



(7 \sia^t,q''h\ B) = —ie^^apq.'^ 



(6) 
(7) 



The matrix element (7 |si(7^j,g'^(l + 75)6! B) can be written in terms of the two form factors 
fi{q'^) and gi{q^) that are calculated in the framework of QCD sum rules [3,13] in the 
following way 

{j\sia,,q''{l + ^,)b\B) = -^{e^^^^s-*qPk'^gr{q') + t[e;{qk) - (e*q)k,]Mq')} . (8) 

in p 



It should be noted that these form factors were calculated in framework of the light-front 
model in [14]. Eqs. (5), (7) and (8) allow us to express G, H and N in terms of /i and gi. 
Eqs. (4)-(8) help us rewrite A4sd in the following form 

MsD = ^^Vt,V*^ hril - 75)^ \A,e^.,pS*''q^kf' + i AJelikq) - (e*q)k^ 

+ £7^(1 + 75)^ [B,t,,^pe*''q''k^ + I B2{e;{kq) - {e*q)k,)' 

+ i e;,ua/3i(7'"'i [Ce^^A;^ + He*''q'^ + N{e*q)q''k'^] (9) 



- £*"A;'^) + Hi{e*i'q'' - e*''q'') + Ni{e*q){q''k'' - q^k") 



where 





^{CBR + CsL)gi + 




+ CRL)g , 




-^(Cbr — CsLjfl + 




- Crl)/ , 


B, = 


^{CBR + CsL)gi + 




+ CRR^g , 


B2^ 


(Cbr — Csl) fi + 




— Crr^ f , 


G = 


ACrgi , 






N = 


-4Ct^(/i + ^i) , 

r 






H = 
Gi = 


N{qk) , 

—SCTEgi , 






N, = 


8Cte4(/i + ^i) , 






Hi = 


Ni{qk) . 







(10) 
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In regard to the inner-Bremsstrahlung part, as a result of relevant calculations we get 



MlB = , ^ VtbVta^fBt <F£{ —— - —— 



In deriving Eq. (11), we have used 



+ 2m J 



1 1 

+ 



2pi/c 2p2^ 



f 



:ii) 



(0|sa^,(l + 75)6|5) = , 
The functions F and Fi are defined as follows 

F = 2mi{C*^^ — C^j^l + Crl — Crr] H —(Clrlr — Crllr — Clrrl + CrlrA , 



Fi 



rrib 



LRLR 



-c. 



RLLR 



LRRL 



-c. 



RLRL 



) 



(12) 



3 Polarized forward— backward asymmetries of the lep- 
tons in Bg i^i'j decay 

In the present section we calculate the polarized forward-backward asymmetries of leptons. 
For this purpose we define the following orthogonal unit vectors sf (here i = L, T or N 
stands for longitudinal, transversal or normal polarizations, respectively) in the rest frame 
of £± 



Sr = 



0,eE 
0, 

0, et 
0,e + 

0,62^ 



0, 



P- 



0, 



\p-\J 

Pa X p- 
\pa X P- 
(O, X e7 
P+ \ 



0, 



|P4 



\pa X p+ly 

(O, X e/) , 



(13) 



where p± and k are the three-momenta of the leptons £^ and photon in the center of mass 
frame (CM) of i~ system, respectively. Transformation of unit vectors from the rest 
frame of the leptons to CM frame of leptons can be accomplished by the Lorentz boost. 
Boosting of the longitudinal unit vectors yields 



^ ) 



CM \mi ' m£ \pzp\ 



(14) 
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where p+ 
unit vectors s 



-p- , Ef and me are the energy mass of leptons in the CM frame. The remaining 



N ) -^T 



are unchanged under Lorentz transformation. 



The definition of the normahzed, unpolarized differential forward-backward asymmetry 



IS 



1 d'^T /-o d^T 



A 



FB 



Jo dsdz J-i 



dsdz 



Jo dsdz J- 



d'T 
dsdz 



(15) 



where z — cos ^ is the angle between A;, meson and £" in the center mass frame of leptons. 
When the spins of both leptons are taken into account, the Afb will be a function of the 
spins of the final leptons and it is defined as 



'dr{s) 

ds 



dz , 



(i^r(s, s — i,s'^ — j) d'^r{s, s — i,s'^ — —j) 



dsdz 



dsdz 



d2r(s, s- = -I s+ = J) d'^r{s, s- = 



-i,s+ ^ -j) 



dsdz 



dsdz 



+ Afb{s' 



i, s+ = j) - Afb{s' 
-h = -J) • 



z, s' 



-j) - Afb{s = -i, s+ = j] 



(16) 



Using these definitions for the double polarized FB asymmetries, we get the following 
results: 



= ^1 - 4m|s(l - sfvRe[AlA2 - BIB^] 

- ^rriBsi^ - sfv{l - v%M{A\ - Bl)G,] - Re[(A2 - B^yC]) 

- -^niBS^il - s)vil - v^)Im[(A* - Bl)H^ 
me 

+ -^fBTUBsil - s)(l - v^) ln[l - 'i;^]Re[(A; - B;)F] 

m^v 

- -^fBTTiBsil -s){l- ln[l - v'']Re[{A\ - BI)fA , (17) 
miV J 

= ^1 - \mB^rs{l - sfvRe[{Al - AI + Bl + Bl)G,\ 

+ \mB^rs{l - sfvlui[{Al -A\- B\ - Bl)G\ 

+ \m\^\\ - sfv{K^{{A\ - Bl)Nl\ - Im[(^; + Bl)N^ 

- - ^fv{\ - v^) (2Re[G'*A^i + G\N + m\sNlN\ + Imf^t^i + ^2^2]) 

omi ^ ' 

- fBmlVI{l - s){2fBmlmilm[F*F]h + v[mB{l - s)lm[{Al + 5*)Fi] 



+ mBlm.[{Al -Al- B* - B;)F - s{Al + A*^ - B{ + B*)F] + %mtRe[F*Hi^h] 
+ fBml^rs{l - s)v[l - s{l - 2v'')\lm[{Al - B*)F^\J^ 
+ SfBmlfheV§{l - s)vRe[F*{Gi + m|A^i)] J4 

+ AfBm%meVI{l - sfvlm[F*N]J^^ , (18) 

A^^ = ^l^^mB^rs{^-s)'vRe[{Al + A; + Bl-B;)G,] 

+ ^rriB^il - sfvlm[{Al + AI- Bl + B*2)G] 

+ ^m|v^(l - sfv{Re[{A* - B*)N,] + Im[(A; + B*)N]) 

+ ^^5^/^(1 - s^vil - v^){2Re[G*Ni + GIN + m%sN;N] - Im[^*5i + AIB2]) 

+ fBmlV§{l - s){2fBmlmilm[F*F]h + v[mB{l - s)lm[{Al + S*)Fi] 

- mBlm[{Al + A;- Bl + B;)F - s{Al - A^ ^ Bl - B;)F] + 8meRe[F*Hi]\l7} 
+ /Bm|v^(l - s)v[l - s(l - 2v^)]lm[{A; - B;)F^]J^ 

- 8fBmlmeV§{l - s)vRe[F*{Gi + m|iVi)] J4 

- AfBm%meVI{l - sfvlm[F*N]jJj , (19) 

A^l = ^{^^^(1 - ^)'[4 {\G,f + \Gf) + mis + \A,f + \B,f + \B,f) 

- ^msVIil - sfv\lm[{Al - Bl)Gi] - Re[{A; - B;){G + mlsN)]) 

- ^^5^1(1 - s)'(2 - v^){Re[{Al + Bl)G] - lm[{A; + B;){G, + mlsN, 
+ ^mlmV§{l - sf{Re[AlBi + A^B^ + 4G'tA^i] + 2m|s \N^\^ ) 
+ -L/|m|m,(l - s) [(1 - s) + (Ji + J2) + 2sv \F^\^ J3 

+ fBmlV~s{l - sfv''Re[{A\ - Bl)F,]J^ 

- fBmly/§{l - fyRe[(Al - Bl)F*\J^ 
+ /Bm|v^(l - sf{2 - v'')Re[{Al + S*)F] J4 

- AfBm%miVl{l - s)[2 + - s{2 - 7;')]Im[F*A^i] J4 
+ 8/sm|m^Vi(l - s)vhui[F*Hi]Ji 

- fsmlVIil -s)[2-v^- s{2 - 3v'')]Re[{Al + B*)Fi]J^ 



Vs 



fBm%me{l - s) (1 - s + sv')Im[F*Gi] + (1 - s)Re[F*G] J4 } , (20) 



6 



- ^mB\^(l - sfv''{lm[{Al - Bl)Gi] - Re[(^; - Bl){G + m|s7V)]) 

+ ^rriB^K^ - sf{2 - v^){Re[{Al + - Im[(^; + Bl){G^ + m^siVi]) 

- ^m^m^Vi(l - sf{Re[AlB^ + A^Sa + AG\N^] + 2m|s |A^i|' ) 

- - [(1 - s) (|Fi|' + ( Ji + J2) + 25^; |Fif J3" 

+ /Bm|v^(l - sfv''Re[{A\ - Bl)F,]J^ 

- fBm%VI{l - s''yRe[{A; - Bl)F\Ji 

- fBmlV§il - sfi2 - v^)Re[iAl + Bl)F]J^ 

+ AfBm^Bm^il -s)[2 + v^- s{2 - v'^)]lm[F*Ni]j4 

- 8fBmlme^/I{l - syim[F*H^]J^ 

+ /Bm|v^(l -s)[2-v^- s{2 - 3v'')]Re[{A; + B;)F,]J4 

+ ^fBmlM^ - ^) [(1 - ^ + sv^)MF*Gi] + (1 - s)Re[F*G]\j^^ , (21) 

where, 

A = IGniBrheil - sf(lm[{A; + B;)Gi] - Re[{Al + Bl)G - mBme{AlBi + ^^^s)]) 
+ A8mBms{l - s)lm[{A* + B;)Hi] 

- 8mlmes{l - syim[{A; + B;)Ni] 

+ ^(l-s)^[4(3-^;2)(|Gi|V|G|')+m|s(3 + ^^)(|A|V|A2|V|Si|V|S2|') 

2 



{l-s)Re[G*H]+s\H[ 
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+ 16s(3 - 2?/) [(1 - s)Re[GlHi\ + s \Hi 

- ^mls{l - sf{3 - 2v'^)(2Re[GlNi] + mls\Nif) 

- -m|s(l-s)V(2Re[G*iV]+m|s|iV|2) 



3 

- IfnK \Ff {(1 - s) V(Xi + Is) - (1 + + 2sv^)l2 - [1 - s(A - s - 2v^)]I,} 

+ \fK \Fi? { - (1 - sfv\X^+Xs) + [l-s{2-s- Av^ + 2sv^ - 2sv')]l2 

- 2s(l - s)v{l - v^)Xa + [1 - s(2 - s + 2sv^ - 2sv^)]I^] 

- AfBmlsvRe[F*H\[{l - s)vXq + (1 + s)X^\ 

- 4/Bm^sIm[Fi*//i][(l - + (3 - 2v'^ - 3s + Asv^)Xt\ 

+ 2fBmBrh(Re[{Al + Bl)F\ [8(1 + s) + m|(l - f^X^ + m^(l - s)(l - 3s)T7 
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- fBmBTheil - s)Re[(^; + B*)Fi\ [s + m|(l - 5s)v% + m|(3 - 3s + Asv^)l7 
+ fBlra[F*Gi\ [ - 24(1 -s + 2sv^) + m|(l - + 3s - 6sv'^)v'^Ie 

- m|(l - s)(l - s - 2sv^)X7 

+ /sReiF*^] [ - 24(1 + s) + m|(l - s)(l - 3s)t;% - m|(l - s)(l - 7s + 4:sv'^)l7 
+ fBmlslm[F*Ni] [ - 8(1 - s + 25^^) + m|(l - s)(3 + s - 2sv'^)v^Iq 
+ m|(l - s)(3 - 2^;^ - 3s + 4:SV^)l7 



+ fBmlsRe[F*N] - 8(1 + s) + m|(l - s)(3 - s)v% + m%{l - s^)!^ 



(22) 



In Eqs. (16)-(22), s = q^/m^, v = ^1 — Arhys is the lepton velocity with rhe — mi/mB, 
and li represent the following integrals 



+1 



J-'i{z)dz , 



r+l rO 

Ji = Qi{z)dz - J ^ Qi{z)dz , 



where 



{Pi ■ k){p2 ■ k) 



, y2 



J^6 = 



(Pi ■ k) 

-v2 



(Pi • k) 

z'' 
Pi-k ' 



2 ' 



J^4 = 



J^7 = 



{Pi-kr ' 



(Pi ■ k){p2 ■ k) 



{p\ ■ ky ' 
1 



J^5 = 



(Pi • ' 
1 

(Pl ■ /^)(P2 ■ 
1 



(Pl • ^) 



2 ' 



Pi • ^ 



We note that, the forward-backward asymmetries Ann^ Ant^ Atn and Att are all 
equal to zero. 



4 Numerical analysis and discussion 

In this section we present our numerical analysis for all possible polarized forward-backward 
asymmetries of Icptons. The values of the input parameters which wc have used in the 
numerical analysis are: \VtbV*\^ = 0.0385, = 0.106 GeV, = 1.78 GeV, = 4.8 GeV. 
For the SM values of the Wilson coefficients we have used C^^{mb) = -0.313, Cl^{mb) = 
4.344 and CfQ^{mb) = —4.669. The magnitude of Cf^ is quite well determined from the 
h s'-f transition, and hence it is well established. Therefore the values of Cbr and Csl 
are fixed by the relations Cbr = —2mbCj^^ and Csl = —'imsCj^^. It is well known that 
the Wilson coefficient Cg^^ receives also long distance contributions which have their origin 
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in the real cc intermediate states, i.e., J/V', i^', • • • [15]. In the present work we consider 
only short distance contributions. 

The values of the new Wilson coefficients are needed in order to carry out the numerical 
calculations for Aij given in Eqs. (17)- (22). All new Wilson coefficients are varied in the 
range — CfJ^ < Cx < C'fo^ and it is assumed that they are real. The experimental 
results on the branching ratio of the Bg — > K*{K)i'^i' decays [16, 17] and the bound on 
the branching ratio of —> fi~^/j~ [18] suggest that this is the right order of magnitude 
for the Wilson coefficients describing the vector and scalar interaction coefficients. But 
present experimental results on the branching ratio of the B^ K*£^£^ and Bg — Kl^£r 
decays impose stronger restrictions on some of the new Wilson coefficients. For example, 
-2 < Cll < 0, < Crl < 2.3, -1.5 < Ct < 1.5 and -3.3 < Cte < 2.6, and all of the 



r<SM 



<Cx< 



r'SM 



remaining Wilson coefficients vary in the region — 

It follows from the expressions of all forward-backward asymmetries of the leptons 
that, explicit forms of the form factors are needed, which are the main and most important 
parameters in the calculation of Aij. These form factors are calculated in the framework 
of the QCD sum rules in [3, 13, 14] whose dependences are given as 



1 GeV ^ 0.8 GeV 

m ) = ; ri ' /(? ) = 



q \ q 



2 ' 



V (5.6 GeV)^ J \ (6.5 GeVf 



40.5 GeFV V ^0 GeV^ J 

which we will use in the numerical analysis. 

Numerical results are presented only for the Bg — > decay, because in the SU(3) 

limit the difference between the decay rates of Bg and B^ £+£^7 is attributed 

only to the CKM matrix elements. In other words, the decay rate of the Bg is 
approximately 20 times larger compared to that of decay rate of B^ — > £+£"7, that is 

v{Ba ^ £+£-7) ^ I ^ 1 

V{Bg ^ £+£-7) \V,^V^*gf 20 • 

We now proceed by commenting on the result of our numerical analysis. Firstly, we 
study the dependence of the polarized forward-backward asymmetries on r/^ at five different 
values of the new Wilson coefficients. Our detailed numerical analysis shows that for the 
Bg fi^fi^^ decay only the Ap^ and A^^ asymmetries have zero positions (the numerical 
values of the asymmetries Ap% and Ap^ ^^^J small and hence we do not present 
them). In Fig. (1) we present the dependence of Ap^ on q"^ at five fixed values of the scalar 
interaction coefficient Clrlr — — 4; — 2; 0; +2; +4. From this figure we see that the zero 
position which occurs for positive values of Clrlr is shifted to right for increasing values 
of Clfilr- The same figure also depicts that the zero position of Ap^ is absent for the SM 
case. Therefore, determination of the zero position of Ap^ is an unambiguous indication 
of the new physics beyond the SM, as well as allowing us determine the sign of the scalar 
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interaction coefficients Clrlr- In Fig- (2) we present the dependence of A'^q on at fixed 
values of Crllr. Similar to the previous case, zero position of the appears again, 

but the difference from it being it occurs for the negative values of Crllr- It should be 
noted here that the zero position of A^b present for the remaining scalar interaction 
coefficients Clrrl and Crlrl as well, which can be seen in Figs. (3) and (4). More 
interesting observation for these cases is that, the zero position appears for r/^ < 2 GeV"^ 
and hence it is free of the long distance J/ip contributions. As far as B.s fi'^fi^j decay 
is concerned, our numerical analysis shows that the zero position of Apg is absent for all 
Wilson coefficients other than the scalar interaction coefficients. Hence, determination of 
the zero position of Ap^ can serve as a good test for establishing new physics beyond the 
SM due to the presence of the scalar interaction coefficients. 

The situation for the Aj'^ asymmetry for the Bg fi'^fi~'-f decay is richer in content 
compared to that of the A^ case. For this forward-backward asymmetry, the zero position 
occurs for all new Wilson coefficients. In Figs. (5)-(ll) we present the dependence of Ap^ 
on at five fixed values of the new Wilson coefficients. These figures depict that: 

• For vector interactions with the Wilson coefficients Cll and Crr, the zero position 
of A^B is shifted. When these coefficients get positive (negative) values, the zero 
position of A^^ is shifted to the left (right) compared to that of the SM case. In 
the presence of the Wilson coefficients Cm and Crl the zero position of the A^^^^ 
is shifted to the right (left) compared to that of the SM result, when these Wilson 
coefficients are positive (negative). 

• In the presence of the scalar interactions with the coefficients Clrrl and Crlrl, the 
zero position of A^^ is shifted the left compared to that of the SM result. The zero 
position for Clrrl occurs only for its positive values, while it occurs only for the 
negative values of Crlrl- 

In the presence of scalar interactions Crllr and Clrlr, no new zero position of A^j^ 
occurs with respect to the one for the SM case. 

• New zero positions of A^r are observed in the presence of the tensor interaction for 
the positive values of Cr, and the zero position is shifted to the left. 

In the case of Bg T~^T~'~f decay, similar to the Bs — > /i''"/i~7 decay, we observe that 
several of the polarized forward-backward asymmetries are very sensitive to the existence 
of new physics. Let us briefly summarize our results: 

i) Among all polarization asymmetries (which can be measurable in the experiments) 
only A^% is very sensitive to the existence of all types of new physics interactions, except 
to the presence of the vector interactions with coefficients Cll and Crr. 

ii) Apj^ is sensitive to the presence of the tensor interaction and its zero position occurs 
for Ct = +4 at ~ 17 GeV"^, while zero position of ApR is absent for the SM case. 
Therefore, determination of the zero position of Ap% can confirm the existence of the 
tensor interaction in the Bg — > t+t~7 decay (see Fig. (12)). 

• Aj'R exhibits similar dependence on Crr and Crl- The zero position of Aj'^ is shifted 
to to the left (right) when Clr and Crl are negative (positive) compared to that of 
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the SM prediction. Note that the zero position of hes on the left side for the 
vector interaction Clr compared to the zero position of the Crl (see Figs. (13), (14)). 

• shows stronger dependence on the scalar interactions Clrrl and Crlrl. The 

magnitude of Ji^^ increases (decreases) as the new Wilson coefficient Clrrl gets 
positive (negative) values. This behavior is to the contrary for the coefficient Crlrl 
(see Figs. (15), (16)). 

• In the presence of the tensor interaction with the coefficient Ct, zero position of the 
asymmetry Af^^ located on the left side of the SM prediction for negative values 
of Ct (Fig. (17)). 

We see from the explicit expressions of the polarized forward-backward asymmetries 
that they all depend both on and the new Wilson coefficients. For this reason there may 
appear difficulties in the experiments in studying the dependence of the physical observables 
on both parameters simultaneously. In order to get "pure information" about about new 
physics, we eliminate the dependence of physical quantities on q®, by performing integration 
over in the kinematically allowed region, i.e., we average the polarized forward backward 
asymmetry 



(Aij) 



In Fig. (18) we depict the dependence of ^.4^^) on the new Wilson for the Bg — > 7 

decay. From this figure we see that (Ap^^) shows symmetric behavior in its dependence on 
all scalar interactions; and except for regions —4 < Crr, Crp < 0, —0.4 < Clrrli Clrrl < 
and < Crlrl, Clrlr < 0.4 it is larger compared to the SM result (SM result corresponds 
to the intersection point of all curves). It is also interesting to observe that (Ap^ > (Ap^^ 
for only negative values of Crr. 

Our numerical analysis furthers shows that, for the Bg decay, (A'^b) is 



sensitive only to Cp and at negative (positive) values of Cp \ A^gj is positive (negative) 
and larger (smaller) compared to the SM result. Therefore, determination of the sign 
and magnitude of {A^b) can serve as a good test for estabhshing existence of the tensor 
interaction. 

The dependence of (A^^^^ on the new Wilson coefficients for the Bg — >■ n'^i^~'y decay is 

presented in Fig. (19). We observe from this figure that (^A^''^^ shows stronger dependence 
on the tensor interaction coefficient Cp and scalar interactions Crlrlr and Clrrl- 

In Figs. (20), (21), and (22) we present the dependence of (^ApB^ (^^^b) and (^Ap^) on 
the new Wilson coefficients for the Bg — > t''"t~7 decay, respectively. Fig. (20) depicts that 
(^fb) exhibits considerable departure from the SM result for the scalar interactions and 
the vector interaction with coefficient Crr. We see from Fig. (21) that when new Wilson 
coefficients are negative (Ap^) shows stronger dependence on on the tensor interaction 
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(Cr) and scalar type interactions, and when Cx > 0, (^Ap^^ exhibits strong dependence 
on vector interactions and the tensor interaction with the coefficient Cte- 

At the end of this section, we discuss the problem of the detectability of forward- 
backward asymmetry in the experiments. Experimentally, to measure an asymmetry {Aij) 
of the decay with the branching ratio B at na level, the required number of events (i.e., the 
number of BB pair) are given by 



where Si and S2 are the efficiencies of the leptons. Efficiency of the fi lepton is practically 
equal to one, and typical values of the efficiency of the r lepton ranges from 50% to 90% 
for the various decay modes [19]. 

From the expression for J\f we see that, in order to obtain the forward-backward asym- 
metries in Bg i^i~'~f decays at Scr level, the minimum number of required events are (for 
the efficiency of r-lepton we take 0.5, and for (Aij), their maximal values beyond the SM): 



for the Bs — > ii'^/i 7 decay 



2 X 10^ (All) , 
3x1010 {Alt)^{Atl), 



which yields that, for detecting {Alt) and {Atl), more than 10^^ BB pairs are 
required. 

for Bs — > T+T~7 decay 

X =^ 6 X 10'^All) : {Alt): {Atl) ■ 



The number of BB pairs that will be produced at LHC is around ^10^^. As a result 
of a comparison of this number of BB pairs with that of Af, we conclude that {All), 
{Atl) and {Atl) in both decays can be detectable in "beyond the SM scenarios" in future 
experiments at LHC. Note that in the SM, only {All) for the Bs fi~^fi~'~f decay can be 
detectable at LHC. Therefore, observation of these asymmetries can be explained only by 
new physics beyond the SM. 

In conclusion, we calculate polarized forward-backward asymmetries using the most 
general, model independent form of the effective Hamiltonian including all possible form of 
interactions. The sensitivity of the averaged polarized forward-backward asymmetries to 
the new Wilson coefficients are studied. Finally we discuss the possibility of experimental 
measurement of these double-lepton polarization asymmetries at LHC. 
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Figure captions 

Fig. (1) The dependence of the polarized forward-backward asymmetry Ap^ on at four 
fixed values of Clrlr for the Bg — > /x"'"//~7 decay 

Fig. (2) The same as in Fig. (1), but for at four fixed values of Crllr- 

Fig. (3) The same as in Fig. (1), but for at four fixed values of Clrrl- 

Fig. (4) The same as in Fig. (1), but for at four fixed values of Crlrl- 

Fig. (5) The dependence of the polarized forward-backward asymmetry sA^^ on at 
four fixed values of Cll for the Bg — > /x"'"/i~7 decay. 

Fig. (6) The same as in Fig. (5), but for at four fixed values of Clr- 

Fig. (7) The same as in Fig. (5), but for at four fixed values of Crl. 

Fig. (8) The same as in Fig. (5), but for at four fixed values of Crr. 

Fig. (9) The same as in Fig. (5), but for at four fixed values of Clrrl- 

Fig. (10) The same as in Fig. (5), but for at four fixed values of Crlrl- 

Fig. (11) The same as in Fig. (5), but for at four fixed values of Ct- 

Fig. (12) The dependence of the polarized forward-backward asymmetry Ap^ on 
at four fixed values of Ct for the Bg — > r+r^7 decay. 

Fig. (13) The dependence of the polarized forward-backward asymmetry A'^'q on 
at four fixed values of Clr for the Bg t~^t~j decay. 

Fig. (14) The same as in Fig. (13), but for at four fixed values of Crl- 

Fig. (15) The same as in Fig. (13), but for at four fixed values of Clrrl- 

Fig. (16) The same as in Fig. (13), but for at four fixed values of Crlrl- 

Fig. (17) The same as in Fig. (13), but for at four fixed values of Ct- 

Fig. (18) The dependence of the polarized forward-backward asymmetry A^^^ on the 
new Wilson coefficients for the Bg —>■ decay. 
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Fig. (19) The same as in Fig. (18), but for the polarized forward-backward asymme- 

TL 
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Fig. (20) The same as in Fig. (18), but for the Bs t^t 7 decay. 

Fig. (21) The same as in Fig. (20), but for the polarized forward-backward asymme- 
try A^B- 

Fig. (22) The same as in Fig. (21), but for the polarized forward-backward asymme- 
try Al^B. 
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